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lDlTOXI F I(ATION 01, WAR CAS 1M.NTI IICATION Sl:TS CONTAINING,
('IIARCOAL IMPRUXGNATFD1 WITH CHEiMICAL A( J;.NT

1. INTROI)U('1ION.

A. Backgroiund.

Disposal I~nginccring Division has been tasked with the disposal ot obsolete war gas
identification sets at Johnston Island. Included. With) thewe sets will beý approximiatel\ 94 NavN svtb
OXl N-sets and 13 KOSS sets I which consist ot agent impregnated or adsorbed on charcoal which -arc
planned to be collocated to Johnston Island from other OCONIIS sites.

The N-sets are contained. in at wooden box with a hinged cover. The box 17-1/2 wide by
lb lot) , b% 1 1-3, 4 inches high ( 190.5 by, 406.4 by 298.5 nim)) is divided into two conmpartnments.
In eac:h ,omrpartwent is a can 4 inches 1101 .6 min) in diameter and 4-5)8 inches 1)1 7.5 min ) high
,iurrounded bN packing material. Inside each can is a bottle with a ground glass top. In the X302 -,et.
one hbot tle con tains nitrogen mutstard CuN-I ) and the other contains nitrogenl mustard (1 IN 2 )
Both agents are adsorbed in] 3 fluid ounces (90 cc) of' activated charcoa). In the sample replacement

~e~there are two bottles in eachi set, but there'is only one agent per set. The agents are as follows.

Set

X545 (C-siinulant (contains triphosgene)

X546 CN (tear gas - chloroacetophenotne)

X547 HfS (mnustard gas - Hl

X548 L (lewisite)

X549 DM (adlanisite)

X550 tIN-1 (nitrogen mustard)

X551 IIN-3 (nitrogen mustard)

X552 PS (chloropicrin)

The K955 sets are contained in a wooden box with a hinged cover. The box it 5-1 Q- wide
by 30-3/8 long by 1]1-3/4 inches high (393.7 by 771.5 by 298.5 mm) I is divided into eight sections.
Seven oA the sections contain cans approximately 2 inches (50.8 mm) in diameter by 4-7/8 inches
( 123.8 mm) high. The cans are painted olive drab. The eighth section is empty. Each can contains
a ground-glass stoppered bottle. Four of the bottles contain 3 fluid ounces (90 cc) of activated
charcoal on which agent is adsorbed. One bottle contains lewisite (L); one contains chioropicrin
(PS); and two contain mustard (HI). A fifth bottle contains, solid CG simulant (triphosgene).
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]lire sets with I IS MI). L, I IN-1 I .IIN-3, and PS each contain 0.85 fluid ounces (0.025 liters)
A ciit lir b t tle ,id sorbed on 3 fluid ounnces I 90 cc) of' activated charcoal. The C(( ýSi i11nt ai

ho't tIcs each 1 cointain ;grains oh solid Iriphosgene. The bottles containing ( (1-sininulant will b~e
dJ,)0,k 01, vsd it v tile Cheminical irent ral i/atnion reactor With caustic SOIL Ition at Johnstoni Islanrd as they

,i. 01in1 1 lr0rco 11l .]hCN anid l)M are irot classiflied as lethal agents and are not to be demilitarized
d urtfin the oetioat I ohnston ISlandi.

Prior to) this xý ork, a StI ndV was initiated bN Chemical Laboratury. Ldgewmnrd Arsenal to
ims C!igatc the reaction of mustard adsorbed onl charcoal with monoethanolaline (NILA). It was

conICCLude that thle reaction between mustard adsorbed on eharcoal and MEA did not proceed in
,u,.ordnceWith )sendIo first-order reactioni kinetics and, under the conditions of this test, all of'

tire Jseir t COnld not be removed f'romi the ch-ircoal by chemical neutralization. A more detailed
dkIcs. ritii (11o this work is iii appendix A. ijased onl this study, anl approach to detoxify thle niaterijls

uýi i11 tll'\ Wi(Llk nh! e snit1able for ~omipliance with Departnment oi' Transportation (D1OT) gUidelines
1- tanqsport~ition to ai site f'or ultiinate disposal wasi undertaken.

B. Object iv-.

[h Ie ohiective of' this pilot-scale test was to demoiistrate that the X-sets arid the K955 sets,
OMIl ndc dclin'mifid with MILA to the extetnt that the resulting products will pass a 1)O1 test per

I R 2 1 and 49., so that the residue may he shipped for ultimate disposal ats a class B or less poison.ý

IL I Xl11 RMINTATION.

Ihis work was perf'ormed at AP(i-L~dgewood Area (building [:5625 P'ilo)t Plant -
Iihor~ilor\ It).

A\. Ilqnipmenet.

I- I acilities.

This work was perh'ormied in ail area approved for toxic work. rhis laboratory ýa
%eirtilatedI bý teanis of, a 5000 ft3!in1in exhaust fani which draws- air through a C23R I charcoal arnd
partikculate f'ilter before dlischarginlg into the atmiosphere. All liquid drainage was handled thronglr
tile 4000-gallon capacity toxic sumip. This SUMP operates with an initial head ot caustic solution.
ensuring the phi to always be greater than 1 2. The sumnp has a separate ventilation system which is
in operation whenever the laboratory (filling plant) is occupied. Whenever the sump reaches 8V'
calpacitý tile liquid waste is transferred to a IO,000-gallon direct displacenment tatnk. The sunip
discharge Will ultimately pass completely through the 1 0,000-gallon effluent tank, then through
a phl] neutralization process prior to discharge into the sanitary sewer.

2. Items of E~quipment.

a. Drum, stainless steel, 1 5-gallon capacity with single 2-inch-diamecter bung. The
drum was fitted with temperature and pressure gauges as shown in figure 1. The bung was fitted
with a 1/2-inch nipple, ball valve, and M 12 filter as shown in figure 2.
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h I li1ppei e• l" •. a io, cr. I -im1li-,lliniie ct.

l l M noll, s-I 2-in.h diaiiie te . I -gallnm •., xit' kL , it,• 'l. l\, drlý c .

d Rollet. drumn. adjustable, electrically driven.

An -,,e. 11101vg with the test equipment, is showi in figure 3, less hali mill and .orc

It l)escription of Operation.

Phe charcoal impregnated %,ith agent from the Navy sets was added to a I 5-gallon ,tailic,,,
Ntý'cl drum which contained 6 gallons of M [A as shown in figure 4. The amount of agent added is

w rh i•n tthk I. The mix was in the same proportion as would he used at Johnston Island. Atter
the .,e int was added to the MI[A. 3.4 gallons of additional M LA was added to the drum (1total

4 xilions \il A). The drum was then scaled and rolled for ) hour on the drum roller.

The drum was then allowed to sit for 6 hours and was then rolled again for 1 hour. The
drum was rolled for 1 hour at approximately 9:00 am. and 2:00 p.m.. Monday through Frida N.
rolling took place on the weekends.

Lach day after the first rolling, I00-mIl samples were taken. No samples \ere taken on thc

\ecekcnds. These samples were analyzed for liD, based on the reaction rates for the agents (in neat
lorm(involved. Mustard gas is the slowest reacting agent with MI A (see appendix A). The sa,,mplc
% crc also analyzed for PS to provide backup information on the slowest reacting agent.

When the MLA solution showed less than 5 ppm ItS, 1 gallon of MEA/charcoal (afer
stirring) was ground in the ball mill The ball mill was run until the proper particle-size range \kis
reached. This range was 2 to 5 microns.. This was the requirement for the DOT test that was
conducted by the Environmental Toxicology Branch of the Biomedical Laboratory. The milled
material, along with an MIA sample from the drum, was tested in accordance with DOT standard.
(ode of Federal Regulations. Titles 21 and 49. At the same time, a core sample of charcoal was
tested for the amount of 1iS present. The operational portion of the Standing Operating Procedurn
is included in appendix B.

The material (ML-A/charcoal) was held in the drum after the end of the test. Two saImples
were taken after the test ended, at 43 days and 149 days, to obtain long-term data. The drum had
not been rolled since the eighth day of the test.

Ill. RLSULTS.

A. Test and Analytical Data.

The pilot detoxification test data which were collected during this test is shown in table 2.
Table 3 contains the analytic results from the daily samples.

The analytic data on table 3 show the sharp decline in the concentration of mustard in
the Mt-A with respect to time. A graphic representation of the analytic data in table 3 is shown in
figure 5.
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Table 2 Nav, Set Pilot Test LDta

Iat We rts rolling Drum pressure IDrum temperiturL Ampertu ite,d rt , o ~ Rte m p e ra t ture S dm ple ta k e nu

psi (

I I flu tV1, I01'; 0) 214 21101 0 21 ,8
I0 2o1 21

1 c 0 2 sampl,'% i ':
Ill 4 1) 214 214 Siik u

14110 0 -

WOlt 0 2•2

;0' €02 217

14001) (j

0
084

14210 2
I ýl0( 0

4 Ihm, ]Pl-t, (1800 0} I 2f t

Olo2) 0 '42 24,

1440 (0 2.1,

I 4-
IjuS 10)1 uSuupu N1420 02

14411 112 i 1

4 I I ,O 0) 24 24

l114201 0 24 2

08101 1I140 00 24
1420 0 25

I14.1(I () 2.u2

1440 II 24 '4

5M1 0 " 21

1)141 (} 24 24

x01411 0 249 24 Om 2 o2'5

1403 0 25II

1440 0I '1 25

I (9M 2'S

11210 0 2S; 2t %

0142(I oI 25 25

04(0( 0 25 •

0. O420 0 25; 25 %~pcN •-•••

091)0- I I(I i • I li



Table 3. Analytic Data

Sample number and time tiS Average concentration
smmple taken HS in MEA

ppm ppm

501.5
328.3 389.6

11:15 1 June 1976 339.1

(I hour)

2 56.8

38.9 44.9
09:35 2 June 1976 38.9

(23.35 hours)

3 10.8

10.5 10.6
09:00 3 June 1976 10.3

(45.75 hours)

4 4.23

4.13 4.19
09:15 4June 1976 4.19

(70 hours)

5 1.28
1.28 1.37

09:10 7 June 1976 1.64
(142 hours)

6 0.5

0.68 0.6
09:35 8 June 1976 0.63

(166.25 hours)
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rhe daily MI:A samples which were tested for mustard were also tested for PS. The
dvtec'tion limit foi PS in the MEA solution was 10 ppm PS. All MEA samples showed less than
i0 ppmn. (The estimated detoxification time for PS is 3 hours at 34O(C; it is a fast reaction compared
to tile mustard-MI-A reaction.)

A sample of "decontaminated" charcoal was taken on the last day of the test and was
analyzed for its mustard content. The amount of mustard present in 40.7 grams of MEA-saturated
charcoal residue was determined to be 1.02 mg. This result was attained by three chloroform
c\tractions and byv heating the charcoal to a final temperature of 200'C and a vacuum of 10-5 torr Hg
and then condensing out the residual mustard in a trap. A full description of the analytic
procedures inn be tfound in appendix A as performed by Chemical Laboratory in their report
Mf 28 September 1976.

A sample of MiA was taken after 43 days of contact with Navy set contents and tested
hor mmstard. The result of that test showed no mustard. However, a material was observed which
hld a retention time on the gas chromatograph (CCO similar to that of mustard and which was
prescnt in a q1uantit\ of less than 0.1 ppm.

A sample of MEA/charcoal taken after 149 days showed no mustard in the MEA or in
the charcoal.

B. DOT Test.

Toxicity Tests.

Toxicology Division, Biomedical Laboratory, performed the required DOT tests per
(FR 21 and ('FR 49 and determined that the MEA solution, without the charcoal resulting from
the detoxitication of X-sets and K955 sets, passed the test and can be shipped as a corrosive liquid
as less than a class B poison. In another sample, they also determined that the MEA solution with
the charcoal passed the test and can be shipped as a corrosive liquid. (See appendix C.)

IV. IJiSCUSSION.

The test data presented in table 2 indicate that the reaction of the Navy sets and the
replacement sets (X-sets) with MEA at ambient temperature is not an exothermic reaction.
Therefore, there is no need for cooling of the reaction drum such as when chloroform is present.
Although no pressure increase was noted, there was a very slight pressure increase which did not
register on the gauge but was heard the first time the drum was opened.

The analytic data in table 3 has been shown graphically in figure 5 to show the sharp
decline of mustard in MEA. In 8 days, the mustard concentration had dropped from an average
concentration of 389.6 ppm to 0.6 ppm. A sample taken after 43 days showed no mustard.

. Another sample was taken after 149 days and showed no mustard in the MEA. (The detection
limit for this test was 0.1 ppm mustard.)

18



The remaining charcoal showed 1.02 mg mustard recovered from 40.7 grams MEA
saturated charcoal. This number cannot be related to the total quantity of mustard remaining in
the charcoal because the 40.7 grams represent MEA-saturated charcoal, not dry charcoal, and the
amount of MEA present was unknown. However, the amount of MEA w: estimated and the total
quantity of H in the final solution was then estimated to be approximately 2 ppm. The sample
taken after 149 days showed no mustard in the charcoal. Further attempts to identify residual H
on charcoal are indicated in appendix D.

The DOT tests showed the material to be a corrosive liquid, less than a class B poison.
This would facilitate shipment to a CONUS site for ultimate disposal.

The overall results of this test indicate that the process works and should be considered
to be a viable option for the detoxification of Navy and X-sets. A full-scale procedure, for the
detoxification of Navy and X-sets expected to be located at Johnston Island is included in Appendix Ft.

V. CONCLUSIONS.

It is concluded that the Navy sets to be collocated to Johnston Island can be detoxified
and shipped back to CONUS as a corrosive liquid for ultimate disposal.

This technique could also be applied to the movement of other Navy sets in CONUS, if
necessary.

19I___
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APPENDIX A

I)ECONIlAMINATION WITII MONOE.THANOLAMINE OF: H-IMPREGNATEI)

CHARCOAL CONTAINED) IN OBSOLETE NAVY WAR GAS IDEINTIFICATION SETS

Chemical Laboratory

28 September 1976

I. INTROI)U(CTION.

At the request of Edgewood Arsenal Demilitarization/Disposal Officer personnel, this
study was initiated to ascertain the feasibility of decontaminating agent-impregnated charcoal
%ontained in obsolete Navy war gas identification sets with monoethanolamine (MEA). These sets
were prepared. circa 1940, by separately placing 25-ml amounts of If, HN-I, HN-3, L, or PS in
erftnd-glass stoppered bottles containing 90 ml of charcoal. No information was available
concerning either tie original purity ofthe various agents, or the type, source, bulk density, or

internal pore area of the carbon used in the preparation of these sets. Work conducted in this studly
was primarily limited to the decontamination of Fl-impregnated charcoal because of funding and
time limitations. The tl-impregnated charcoal system was selected for study in preference to the
other agent-charcoal systems contained in these sets since Environmental Research Division
personnel are of the opinion that the H-charcoal system would probably be the most difficult system
to decontaminate with MEA under the initially proposed field decontamination procedure of usinHg
a 10:1 './v ratio of MEA/agent.

The general approach followed in this study consisted of three discrete but interrelated
parts. Part I consisted of an examination of charcoal (of a known mesh size. bulk density, and
internal pore area) impregnated with H and subsequently decontaminated with MEA. Part 11
consisted of an examination of the decontamination of actual samples of li-impregnated charcoal
contained in the Navy sets. Part IIl consisted of an examination of a pilot plant scale process
involving the collective decontamination in MEA of Navy set charcoal samples impregnated with
agents II, HN-l, ttN-3, L, and PS.

11. RESULTS AND DISCUSSION.

Part I - Pittsburgh Activated Carbon Study.

In this work, two samples of Pittsburgh Activated Carbon (PAC), BPL grade, lot 6098,
charcoal, each weighing approximately 8.2 grams, were imprelated with 5 ml (approximately
6.2 grams) of It and allowed to reach sorption equilibrium over a period of approximately 3 weeks
at room temperature. The PAC charcoal represented a well characterized charcoal with a nominal
US sieve range of 12-30 mesh, a bulk density of 0.459 gm/ml, and an internal pore area of
1058 m 2/gm. The ratio of H to ciarcoal used in the preparation of these two samples was
equivalent to that used in the original preparation of the Navy sets.

Io
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l M11C ort toI detetnill"IC theV ailiOLInt of 11 irrevecrsiblyl .,li-ed onl the PAC charcoal, olie (If

(ti Iilireiiaedsamples descrilbed above' was placed in a specially constructed high vacuum System.
h 'N 'tcill w is eqLi~ppedl Aithi pi osisiolis for heating the sample in I Oo( increments over a

tL'II j'Li ,ItlI rIL r'jmeC 1mmI 11iihiciii (2 '5`C to 200 0 C and for collecting any distilled 1I at liq uid nitrogenl
III ic f.a la p, tiI I II~ ',tii was, oiperated nuder these conlditions at a pressure of

I1(- oirt. HI I -\amlci of' If-imIi pregnated charcoal Was de~gassedI oser a period of 1 5 workdays. 11
IVIII0\C1 tri Ilm tlle chill , 1,1 .ýXs Odlected anld weighed for two ,aniple temnperature incremneits, 25
to fIM)t ,~ 'In 10(0 to 200( . I Ilie H content of each traction was d-terniined by1 gas I(liuid
,hrBnliltoi igi~h 1p( ( 1 C( analk'. Filhe first fraction It 25' to I 00>'( Was determinled to he 98.2"", H,

which wAlI~kireLI 1A\ o.,- iiinah 11 puLrity of ()9.6'.,. The Second traction was determined to
lliic'. L I, uii h oIt -KO 7.1) Ind I k-AtIlII some thlermal degyradation of the HI. The material collected in the
Iir~t tract (1.ionlaounlted to 4().5': of' the original amount of If placed onl tile charcoal, and the

kIIIhiClie %keic ht of' hoth h-I trat Ofi accoon ted for 89.8"' of the original amonil ~t OIf If Used.
onw rismi of tin Initial weiehit of tie charcoal. before iilipreuniatioii with 1I, with the weliclt. of

CIO lllluiiLfsamlple after Ldegassinlg indicated tllat 5. 11, of thle 11 remained oIil the charcoal citiler
.0, poI imwni/cd or phesicaill ind or chlemically bound H-. Further analysis iOf data indicated that anl
Iý L tddiional 5 1'd of the ori~i nai weight of If placed onl the charcoal Coul d no0t he Iceoun ted for aild

cis itlier oi"Iieus'I elsewhere- ill the vacuum System or simpl\ escaped from tile VaCLILInol S5týýIll

setc tIeL prBote (~i.ef egassi n- period. Iiie mlost important information derived from fill., isxspermen 1.
we.r.wdas that eVe1 l nder these stringent degassing conditions. appros iilatciv 5ý of tile original

.11ii oIi It of HI placed onl the charcoal Could not he removed from wi thin the charcoal mlatrix.

I il the original plans established for tile conduct oIf tilis studv experimlental work.
,-olipkemiLiltar% to lie Work dlescribed ahove. was planned. This work- was designed to establish tile
S([I-Aicti CiteIfitcines tOf ChilL r(I ant for IfImnpregnated on well chiaractcri7Ced charcoal, ixe., ione Witih

aknlown huik deiisity. particle size, and internal pore surface area. Manufacturing Technologs
rI )ctorate and i)emlilitarization / Disp~osal Office personnel directed that these investigations he

athalidOneki. 1iid an ahhreviated ex perimental program was subsequent~lly conducted.

File seconid samlple of Il-impregnated PAC charcoal, referred to above, was placed inl anl
I flea imiser flask to whinch 50 nil of MI A was added to produce a 10: 1 v/v M LA/Hl ratio. The
mii\ t are ssas1irrcdi for -'-1: 2 hoLiis at 50('C and thlen was allowed to renmaiii in aii un~stirred
.1 liiiitio m11 ato~oil temlperature. 250 C. over a 4 8 -llOtir period. This sample was SUbse(Luetitv stirred
for an1 addlit(ional 6-hour period. During this reaction period, the concentration (of theIc 1 in tile MEA
siioul d iiaso b een reduced to approximately I ppmn assuming that thle lloil&IgeiieOuIS p)seudCo first
order of tile If with the MEA and that all tile H put on the carbon was immediately available for
reactioni with thle MLA. After tilis last stirring pertod, the MEA was separated from thle chlarcoal and
teste:d foi the presence of If. This test involved placing 10 ml of the MLA reaction mixture in a
separatory futiiicl and adding 50 ml of an aqueous 10% NaO1 solution followed by I ml of hexane.
H'lis mix ture was shaken vigorously, and the organic and aqueous phases were allowed to separate.
11we hexane wats tilen removed and tested for the presence of H by gas chromatography. The
extrictioni efficiency of "- into Ileximne under tile condition- outlined above was previously determined
to he virtually I10011. Gas liqJuid chromatography analysis indicated that less thtan 2 ppm of H
(mini1mum detectable limit) was present in the MEA separated from the PAC charcoal. The charcoal
itself' was subsequenC~tly extracted at three separate times with 50 ml aliquots of chloroform, a Mutual
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solvent for both 1 and MIA. Direct GLC analysis of these three extracts indicated H concentrations
of 239. 154. and 80 ppm, respectively. These data are summarized in table A-I.

Table A-I. II Content of Chloroform !x tracts of l)econtaminated PAC Carbon

('hloroform Weight equivalent Amount of
extract* 11 concentration1** of Ht original 11

ppli gm

1 239 0.016 0.25

153 0.010 0.16

3 80 0.005 0.08

Total H1 in chloroform extracts 0.031 0.49 ± 0.11

* With stirring, the chloroform remained in contact with the carbon for a I-hour period for the lirst
extract, 45 minutes for the second extract, and 16 hours for the thi d extract.

** Analysis was done with a ttP5830 gas chromatograph equipped with flame ionization detectors.
This column was 6 foot by 1/8 inch stainless steel packed with I0'7r UCW98 on 80f I 11P
(AWDMCS) chromosorb W. Conditions were: oven temperature - 1550 C isothermal, carrier flow -
45 mlimin, injection port temperature - 250*C. and flame ionization detectors temperature - 300'C

Although no detectable amount of H was found in the separated MEA phase. the data in
table A-I indicate that at least 0.5r/ of the original H placed on the charcoal was not destroyed
during the decontamination process. These data appear to indicate that, at least for some of the
It contained in the internal pore structure of the charcoal, the decontamination process was affected
by the diffusion of II from within the internal pore structure of the charcoal into the MEA.

Part II - Decontamination of Navy Set Charcoal.

In all effort to corroborate the experimental findings obtained from the PAC charcoal
work, an entire unit of H-impregnated charcoal from the actual Navy war gas identification set
t reportedly 25 ml of H on 90 nil of charcoal) was decontaminated with 250 ml of MEA. An entire
unit was used to preclude the possibility of errors introduced by the possibility of unequal sorption
of the If by the charcoal or non-representative sampling of the charcoal. The mixture was stirred
for 4-3/4 hours at 50 0 C; stirring was continued at 25 0 C for 19 additional hours. Assuming that the
homogeneous pseudo first-order reaction of H with the MEA and that the 25 ml of agent on the
charcoal was absolutely pure, the time of reaction of the MEA with the H1 was sufficient to reduce
the concentration of H in the MEA to below I ppm. In accordance with previously established
procedures, the MEA was separated from the charcoal and extracted with hexane. The H content
of the MEA was determined by GLC analysis of the hexane extract. This analysis indicated than an
H concentration of 40 ppm remained in the MEA. The carbon was sequentially extracted with
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chloroform three times. (Gas liquid chromatography analysis of these extracts indicated the presence
of 230, 400. and -55 ppm concentrations of Ht in the first, second, and third chloroform extracts.
rtv .ct i\c] \. Thietse' data, Along with that for the Mt'A dccontan|nant, are summarized in table A-2.

i able A-2. (as Liquid (luhioiatography Analysis Data for If (Concentration in Products from the
1het Decontamination of Navy Set Charcoal with MEA (Ti al I)

Amount of
Mat ial analeved t1 concentration* Amount of H original H

ppmn gin

MI N 40 0.013 0.04
V,,t (CI(1 estract** 230 0.030 0.09

2k1 (11('13 extract** 400 0.052 0.16

3d ('1('1 3 extract** 755 0.098 0.30

Total amount of If recovered 0.193 0.59 ± 0.06

* (as liquid chromatography cond& tons used in this work, with minor exceptions, were essentially
the same as those stated in table A-1.

** The three successive extractions were each done using 100-nil volumnes of' CItCI•. hI each
extraction. the CItCI3 remained in contact with the carbon, with stirring, at 25CC, for a period of
I hour.

Examination of the data in table A-2 indicates that, as with the PAC charcoal. the reaction
of at least some of the H on the Navy set charcoal with the MEA is affected by the diffusion of H
from within the internal pore structure of the charcoal into the MEA.

To confirm these observations, a second unit of H-impregnated charcoal from the Navy
sets was decontaminated in a manner similar to the first. The second unit was immersed in 250 ml
of MLA at 50'C for 64 hours. Because of a stirrer malfunction sometime during this period, the
stirring time of mixture is not known. The mixture, however, is known to have received an initial
period of stirring of at least I hour. To preclude the possibility of insufficient reaction time the
mixture was then reacted at 50'C with stirring for a period of 7 hours. Again assuming the
homogeneous, pseudo first-order reaction of H with MEA, 100% agent purity and homogeneity of
the reactions, the concentration of residual Ht in the MEA should have been well below I ppm. In
accordance with previously established procedures, the MEA was determined by GLC analysis of the
hexane extract. Three successive extractions of the charcoal with chloroform were also made and
the extracts assayed by GLC for If content. After the third extraction, a portion of the charcoal
residue was placed in the vacuum system and degassed for a period of several days at a pressure of
10-5 torr. The carbon was gradually heated to 2000 in 10C increments. The amount of H in the
chloroform condensate, collected at liquid nitrogen temperature, was assayed by GLC. The results
of these analyses are presented in table A-3.
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Table A-3. Concentration of Residual Agent in Reaction Products From the Decontamination

of Il-Impregnated Carbon in Navy War Gas Identification Sets With MFA iTrial 2)

Anmount of
Materials analyzed a t concentration Amount of H original ot

Sppmi gm 1/

Mt.A < I

Ist IC1('13 extract b , I

2d ('1t(13 extract b 135 0.009 0.028

3d ('11(13 extract b 120 0.016 0.049

('11('1 3 vact•tun distillate 29 0.001 0.003 c

Total anmount ot' Ii recovered 0.026 0.080 ± 0.003

a All material analyzed by GLC. Gas liquid chromatography conditions used, with munor ex:cptrl T.

were essentially the same as those stated in table A-I.
h Fifty liter of Cti('I3 were used for each of the first and second extractions, while 100 ml oi (CIH

were used for the the third extraction. In all extractions, the CHtCI 3 remained in contact with the
carbon, with stirring, for a period of I hour at 250 C.

c This percentage represents the normalized amount of residual agent to be ftound after MLA

decontamination of a single unit of H-impregnated charcoal contained in the Navy sets (90-mn charco,:
with 25 ml of 1). This normalization is based on the weight of the degassed charcoal (5.3492 gm). an
assumed charcoal bulk density of 0.459 gm/ml, the amount of CHCI3 solution containing H collected
in the liquid nitrogen trap (6.5525 gm), the density of CHCI3 at 250C (1.47 gm/ml), and an average
assumed density for H of 1.27 gm/ml.

Examination of the data in table A-3 again indicates that the decontamination of H on the
Navy sets charcoal is not complete. It would again appear that the reaction of at least some of the

tt on the Navy sets charcoal with MEA is affected by diffusion of H from within the internal pore

structure of the charcoal into the MEA.

Part III of this study consisted of a pilot scale test, conducted by Manufacturing
Technology Directorate personnel in which Navy set charcoal contaminated with several agents,
was placed in a steel drum containing 9.4 gallons (34.6 liters) of the decontaminant, MEA. The
quantity of each agent used in this test is shown in table A-4.
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Table A-4. Type and Amount of Agents Used in Pilot Scale Decontamination

of Agents in Navy Identification Sets

Item Agent Number of set Volume of each Volume of charcoal

liters liters

I Hi 8 .200 .720

I'S 4 .100 ý360

1. 4 .100 .360

4 tIN-I 9 .225 .810

IIN-3 6 .150 .540

Total .775 2.7)0

The ratio of MLA decontaminant to total agent used was 46 to I. This test was
conducted at ambient temperature (240 to 27'C). The reaction components were mixed by
rotating the drum on a drum roller for I hour each morning and afternoon during the testing
period. A sample of MtA was periodically withdrawn from the drum after the first mixing period.
[his sample was extracted with chloroform immediately upon receipt and the extract was
subsequently analyzed for the presence of H and PS. Extraction and CLC procedures used were
similar to those described previously in section 11, part I, of this report. The M-A was tested for
the presence of II on the basis of the rationale presente,! in the addendum to this appendix in
which it was indicated that H would probably be the slowest reacting agent of any of the agents
present in the MtLA decontaminant. At the request of Edgewood Arsenal, Demilitarization

-p l)isposal Office personnel, the solutions were also tested for the presence of PS, since this material
was expected to be one of the most reactive of the agents present in the decontamination solution.
A summary of the GLC analysis performed on samples of the MEA decontaminant taken at
successive time intervals is presented in table A-5.
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Iable A-5. (;as Liquid Chromatography Analysis ofi MI.A Decontariniation Solution
Front Pilot Plant l)emilitarization of Navy Sets

Intervals after
start of, tl .onitcrt In

Sample num1lber l)ate received a
decontainmation MIJ-A bc

process

hr ppm

I June 1976 I 3Q0 977

2 June 1976 23 45 10

3 3 June 1976 46 II o

4 4 June 1976 70 4.2 + 0.3

5 7 June 1976 142 1.4 t 0.5

0 8 June 1976 166 0.6 - 0.3

7 13 July 1976 1008 "0.1 (lower dctcctablc
limit )

a All snplue• were extiacted 101 kiv CI(1C 3 /MEA immedialel, upt or receipt from the pd,,t pliut %vth
the exception of sample number 7. which was extracted on 13 July 1970.

h Values reported represent average values obtained from three indiidual determinations. I \tradti.

proLedures and GLC conditions are the same as those indicated earlier in this :eport.

Samples 1. 2.4. 5. and 6 were also analyzed for the presence of PS. All samples tested indicated
concentrations of PS of less than 10 ppm.

Examination of the data presented in table A-5 again indicates that the decontainatiton
tf' the Ht on the charcoal with MFA is affected by diffusion of If from within the internal porc

structure of the charcoal into the MILA.

In the GLC analysis of the MiLA decontamination product solution, interferences caused
by the presence of unidentified components precluded the detection of PS in the product solution
at concentrations of less than 10 ppm. Since the minimum detectable limit for PS in the PS-MtIA
reaction product solutions had been previously established at less than I ppm, this interference was
attributed to the presence of either reaction products formed during the decontamination of the
other agents present in the ML.A or, possibly, to the presence of agent-agent interaction products.
Several attempts were made to improve the detection sensitivity of the PS inl the MFA product
solution by altering various gas chromatographic operating conditions and using different column
substrate materials. All attempts to accomplish this proved unsuccessful, and experimental results
indicated that a more extensive investigation would be required to attain the desired objective. Such
a program was considered to be outside the scope of the present work, and further attempts to
resolve this problem wre abandoned. It should be noted, however, that none of the solutions tested
indicated concentrations of PS greater than 10 ppm.
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In consonance with the experimental work described above, a sample of carbon residue
\5ia,, removed from tile reaction drum after a reaction period of 166 hours. This sample was
c\ft racted with chlorofornm and was subsequently vacuum distilled in accordance with procedures
described in section I. parts I and Ii, of this report. The chloroform extracts and collested
distillate xcrc analyed for the presence of residual H. The results of these analyses are presented
in table A-6.

Table A-6. Analysis of Charcoal Residue a From Pilot Plant
Demilitarization of Navy Sets

Item Amount of -I recovered

rng

Chlorolorm extract No. I 0.36

(Chloroform extract No. 2 <0.05

(Chlorofornm extract No. 3 0.09

Degassed charcoal b 0.57 c

Sample received on I I June 1976. This sample of MEA saturated charcoal residue (40.7 gm) was
cxiiacted three times successively with 50-ml portions of chloroform. During each extraction the
char•coal w". stirred in the chloroform for a period of 1 hour. The chloroform extract was then
analyed for It by the GLC method described previously in this report.

h Following the third extraction, a portion of the charcoal residue was placed in a vacuum apparatus

atiu degasvsed at a pressure of 10-5 torr for a period of 16 hours at a sample temperature ranging from
25' to 2000 '. Degassed vapor from the charcoal was collected in a liquid nitrogen trap and
subsequently analyzed for If content by the GLC method previously described in this report. The
wtight ot the degassed carbon was 6.9433 gin.

'flit: ahiount of residual If shown has been normalized to represent the total amount of |1 that would
be degassed from the entire 40.7 gin charcoal sample.

Analysis of the data in table A-6 indicates that the decontamination of the H on the
Navy set charcoal with MEA is affected by the diffusion of H from within the internal pore
structure of the charcoal into the MEA.

Ill. CONCLUSIONS.

I. Approximately SIX, of the H impregnated on PAC, type BPL, charcoal was apparently
irreversibly sorbed on the charcoal.

2. Decontamination of H impregnated on PAC or Navy set charcoal with MEA is
affected by the diffusion of 1t from within the internal pore structure of the charcoal into the MEA.
Consequently, the time period required for the decontamination of H on charcoal with MEA
cannot be predicted on the bases of reaction rate data previously established for the homogeneous,
pseudo first-order reaction of H with excess MEA (1:5 v/v ratio of H to MEA).

Appendix A 28



3. In consonance with the above paragraph, charcoal samples obtained from a pilot
plant process investigation involving the decontamination of agent impregnated Navy set charcoal
with MIA ( I .46 v/v ratio total agent to MEA) under ambient conditions of temperature (240 to
27O(') was found to contain residual Ii after a decontamination period of approximately I week

( 166 hours). Had the H on the charcoal been immediately extracted by this large excess of ME-A,
the amount of H remaining would have been undetectable by our methods of analysis.

4. Simple extraction of 11 from charcoal with a chloroform solvent does not appear to
be a viable method for the quantitative removal of H impregnated on charcoal.

5. Because of the difficulty experienced in removal of the H from the charcoal by
vacuum distillation at elevated temperature, it does not appear feasible to distill residual I-I from
contaminated charcoal at atmospheric pressure.
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AI)DINDUM

DEPARTMENT OF THE ARMY
HEADQUARTERS EDGEWOOD ARSENAL

ABERDEEN PROVING GROUND MARYLAND 21010

SARI A-MI-I 10 June 1976

Nil MNORANI)DLM FOR RECORI)

StJI ('(I l)etoxification of Navy Sets

I [lhe tollowing is a reply to a directed action from a meeting on the Identification sets on
2It Ma%, 1971. in which Idgewood Arsenal was directed to provide a rationale for the assumption

that imutard is the slowest reacting agent in the Navy set with respect to the decontaminant,

mIonot hminolarnine (M-A).

2. Disposal l ngineering Division has been tasked with the disposal of obsolete war gas identification
sCt, dt Johnston Island. Included with these sets are approximately 133 Navy sets (or X-sets) and

appro\mlately 13 K955 sets, which consist of agent impregnated on charcoal, which are planned to

he collocated to Johnston Island from other OCONUS sites.

The Navy sets are contained in a wooden box with a hinged cover. The' box measures
7-1 2 wide b, 16 long by 11-3/4 inches high (19.1 by 40.6 by 29.8 cm) and is divided into two
,omxpartnients. In each compartment is a can 4 inches (101.6 mm) in diameter and 4-5/8 inches

I 175 min) high surrounded by packing material. Inside each can is a bottle with a gound glass top.
In the X302 set, one bottle contains nitrogen mustard (HN-I), the other, nitrogen mustard (HN-3).

o(,ti agecnts are adsorbed on 3 fluid ounces (90 cc) of activated charcoal. In the sample replacement
scts. there are two bottles in each set, but there is only one agent per set. The agent are as follows:

Set

X545 C(G-simnulant (contains triphosgene)

X546 CN (tear gas - chloroacetophenone)
X547 1S (mustard gas - I)
X548 L (lewisite)
X549 DM (adamsite)
X550 tIN-I (nitrogen mustard)
X551 IHIN-3 (nitrogen mustard)
X552 PS (chloropicrin)

The K955 sets are contained in a wooden box with a hinged cover. The box measures
15-1/2 wide by 30-3/8 long by 11-3/4 inches high (39.4 by 77.2 by 29.8 cm) and is divided into eight
compartments. Seven compartments contain a can and bottle as described above. The K955 set
contains the following agents:

One bottle L, one bottle PS, two bottles HS, one bottle CG-simulant, one bottle CN, and one
bottle DM. The sets with HS, L, HN-I, HN-3, and PS each contain 1.7 fluid ounces (0.050 liters) of
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SARIA-MT-F 10 June 1976
SUBJECT: Detoxification of Navy Sets

agent, or 0.85 fluid ounce (0.025 liters) of agent per bottle on 90 cc of activated charcoal. The
CG-simulant set contains 6 grams of triphosgene. The bottles containing CG-simulant will be disposed
of via the chemical neutralization reactor with caustic solution as they contain no charcoal. The (N
and DM bottles each contain approximately 5 grams of nonlethal solid agent. CN and DM are not
classified as lethal agents and are not to be demilitarized during this operation.

3 An experimental plan has been initiated to decontaminate charcoal impregnated with agents HIS.
ItN-1. itN-3, L, and PS with MLA to determine if the reaction products will pass the DOT test as
less than class B poison. A 10:1 volume ratio of MEA/agent on charcoal will be used in all tests. It
is believed that the reaction of MEA with HS on charcoal will be the slowest of the various
agent/decontaminant reactions. This judgement is based on experimental information obtained from
several research investigations conducted by Chemical Laboratory and from private communication
with several Chemical Laboratory personnel.

4. The following is offered in support of this statement. The pseudo first-order reaction rates tor
MEA with neat HI)., 10 v/v HN-I in chloroform and 50% v/v PS in chloroform were determined by
Chemical Laboratory in previous investigations concerning the demilitarization of agents contained in
the K951-4 war gas identification sets. Kinetic data obtained for the reaction of agents HD and ItN-I
with MEA are presented in tables I and 2, below.

Table 1. Kinetic Data for the MEA/HD Reactions*'

Half life KobsdTemperature t/)mn(t½2) min-!

0 C min

25.2 321.0 2.16 X 10-3

35.2 82.0 8.4 X 10-3

44.4 39.6 1.75 X 10-2

57.0 11.0 6.06 X 10-2

A 5:1 ratio of MEA/HD was used in all tests.
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SUBJICTi Detoxification of Navy Sets

Table 2. Kinetic Data for the Reaction* of 10% v/v HN-I
in Chloroform with Monoethanolamine** 2

Temperature K tV1 Linear corrected Standard errorTrini min efficient in K-,

25.1 0.0201 34.6 0.998 1.70

25.1 0.0200 34.7 0.9996 0.85

34.9 0.0675 10.3 0.999 1.59

34.9 0.0533 13.0 0.999 0.99

44.9 0.138 5.03 0.998 1.72

44.9 0.135 5.14 0.999 1.18

* All reactions followed through greater than 90% reaction.
** A 10:1 ratio of MEA: 1O07 v/v HN-1 in chloroform was used in all tests.

The pseudo first-order rate constant for the reaction of PS (50% v/v PS in chloroform) with MLA
was determined 3 to be:

Kobs = K' = 7.47 X 10-2 min-1

The half-life of the reactions of PS with MEA under pseudo first-order conditions was calculated
from this rate constant to be 9.3 minutes at 34°C. In another investigation concerning the
decontamination of agent contaminated dunnage from the K951-4 war gas identification sets, it has

..... been indicated 4 that MEA could be an effective decontaminant for L, CK, and CG as well as for HD,
tHN-I, and PS. In that study, 5% L in chloroform was decontaminated with MEA using a 10:1 volume
ratio of agent in chloroform to MEA. The decontaminated sample was sent to Biomedical Laboratory
for toxicity testing and was found to pass the DOT tests as less than a class B poison. In a private
communication 5 with Dr. George Davis (SAREA-CL-DC), the principle investigator who studied the
reaction, it was learned that the reaction of the L in chloroform with MEA appeared to be complete
in a matter of seconds at room temperature. Dr. Davis further indicated that the actual rate of this
reaction could not be accurately determined, since the rate of mixing of the two components appeared
to be rate controlling. An investigation is presently being conducted by the Environmental Research
Division of Chemical Laboratory to establish the rate of the reaction of a 1 :10 volume ratio of
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SUBJECT: Detoxification of Navy Sets

59,, v/v L in chloroform with MEA. Work will also be conducted to isolate and identify the products
of this reaction. In the referenced conversation, Dr. Davis was also questioned concerning the rate of
reaction of HN-3 with MEA. Dr. Davis indicated that, although the rate of this reaction had not been
studied, its rate should be of the same order of magnitude as that for the reaction of HN-I with MEA
and should be considerably faster than the rate of reaction between sulfur mustard (HS) and MEA.

5. Based on the above iiformation, it is concluded that MEA is an effective decontaminant for L as
well as for HS, HN-l, HN-3, and PS, and that the slowest reacting agent is HS.

I lncl STEVEN J. ROSENBERG
References Project Engineer

Disposal Engineering Division

CONCUR:

DR. JOSEPH EPSTEIN
Chief, Environmental Research Division
Chemical Laboratory
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APPENDIX B

SOP - PILOT TEST FOR THE ('tHEMICAL NEUTRALIZATION OF NAVY WAR

GAS IDENTIFICATION SETS (X-SETS)

Manufacturing Technology Directorate

24 May 1976

1. Brief Statement of Work to be Done.

This test is being conducted to demonstrate that the Navy war gas identification sets
(Navy sets) can be detoxified by chemical neutralization. These Navy sets contain mustard
gas (HS). lewisite (L). nitrogen mustard (HN-I), nitrogen mustard (HN-3), and chloropicrin absorbed
on charcoal. Each set contains two bottles packed and sealed in separate 4-inch-diameter cans. The
two cans are packed in separate compartments inside a wooden box (7-1/2 by 16 by 11-3/4 inches).
In each bottle. 25 ml of agent are absorbed on 90 cubic centimeters of activated charcoal. A total ,t
31 bottles of agent-activated charcoal are to be neutralized using monoethanolamine (MEA). The
distribution of agent to be detoxified is as follows:

No. of
Agent bottles Agent Charcoal

ml gm

HS 8 200 360

PS 4 100 180

L 4 100 180

HN-I 9 225 405

HN-3 6 150 270

Total 31 775 1,395

The charcoal impregnated with agent will be added to 6 gallons of MEA in a 15-gallon
stainless steel drum. After this addition, 3.4 gallons of MEA will be added to the drum. This drum
will then be sealed, placed on a drum roller, and rolled for I hour. A sample of the drum solution
will be taken and analyzed for HS. The drum will then be allowed to sit for 5 hours and then rolled
again for I hour. This sequence will continue for each working day until results of the analyses of
the MEA solution indicate less than 5 ppm HS. When this occurs, I gallon of the MEA/charcoal
solution will be drawn off, ground in a ball mill to a particle size range of 2 to 5 microns, and tested
by Biomedical Laboratory in accordance with DOT standards.
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2. qu ipme'lnt to be Used.

H. F cilities.

Work will be performed in an area approved for toxic work. This area, designated Lab If
Filling Plant). is located on the first floor of building E5625. This laboratory is ventilated by a

5000 ft 3 /m in exhaust fan which draws air through a C23RI charcoal and particulate filter before
discharging it into the atmosphere. All liquid drainage will discharge into a toxic sump (capacity
4000 gallons). This sump operates with an initial head of caustic solution, ensuring that the pH
will always be greater than 12. This sump has a separate ventilation system which is in operation at
all times whenever the Filling Plant is occupied. From this sump, the liquid waste will be transferred
to a 10.000-gallon direct displacement tank. (This occurs whenever the sump reaches 807, capacity.)
Ultimately, the sump discharge will pass completely through the 10,000-gallon effluent tank, then
through a pH neutralization process before it discharges into the sanitary sewer.

h. Items of Equipment.

( I ) Drum, stainless steel. 15-gallon with bung, 2-inch diameter, fitted with 1/2-inch nipple,
hall valve, temperature and pressure gauges.

(2) Hopper core sampler, I inch diameter.

(31 Ball mill. 8-1/2 inch diameter, capacity I gallon.

(41 Roller, drum. adjustable, electric powered.

3. Materials to be Present.

a. HS (2.2'-dichloro-diethyl sulfide) (CIC-l2CH 2 )2 , fp 14'C, bp 227.8°C, density 1.27 gm/ml
6, 20'C. vapor pressure 0.072 mm Hg (Ca' 20 0C.

b. tN- I (2,2'-dichloro-triethylamine) (CICH2 CH 2 )2 NC 2 H5 , fp -34 0 C, bp 85 0C (01 10 mm Hg
(decomposes at atmospheric pressure below 85°C), liquid density 1.24 (a 250C, vapor density
(compared to air) 5.9, vapor pressure 0.25 mm Hg (a4 25 0C.

c. HN-3 (2,2', 2"'-trichloro-triethylamine) N(CH 2 CH 2 C1) 3 , fp -4°C, bp 1.37"C (decomposes
at atmospheric pressure below 137°C), liquid density 1.24 (' 25°C, vapor density (compared to air)
6.9 vapor pressure 0.0 109 mm Hg (a 25°C.

d. L (dichloro(2-chloro-vinyl)arsenic) CICH: CHAsCl 2 , fp -180 C, bp 1090 C, density
1.89 gm/ml (a 200 C, vapor pressure 0.394 mm Hg @ 20°C.

e. PS (chloropicrin) CCINO 3 , fp -64°C, bp I I 2°C, density 1.69 gm/ml vapor pressure
44 mm Hg (a 34°C.
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f. MFA (nmonoethanolamnine) NH-,CH-,CH-,OIt, fp 10.5 0C. bp 170.5'(", flash point 93°C,
densit\ 1.02 gnu' ml 01 20 0C, vapor pressure 60mm H-tg (P 60 0 C).

! .5' tlT1l solution (5t4 high test hypochlorite-water solution) used for decontamination
of Spills.

hI. Charcoal. activated, particle size range 10-30 mesh, used to absorb agents.

i. Acetylene. HCECH, fp -84 0 C, bp -81'C, flash point -18'C, density 1.17 gm/l, vapor
pressure 40 atmosphere (a 16.8'C. (Possibly formed as a byproduct of MEA-agent neutralization
reactions.)

4. Description of Operation.

a. On the morning of the first day of the test, 31 bottles, each containing 25 ml of agent
absorbed on 45 gm of activated charcoal, will be emptied into a 15-gallon drum containing
6 gallons of MEA. ([he distribution of the agent bottles is as described in section 2.) After the
last bottle has been emptied into the drum, an additional 3.4 gallons of MEA will be added, and
the drum will be closed. The empty bottles will be rinsed with a 57r HTH solution, placed inl a
plastic bag which will be tied shut, and placed inside a 30-gallon steel drum for transport to
"0" Field for disposal.

b. Each morning of the test, beginning with the first day. the following sequence of
operations will be followed:

( I ) The drum will be placed on the electric-powered drum roller and rolled for I hour
(between 0830 and 0930 hours); pressure and temperature Will be checked every 20 minutes.
See Safety Procedures - (9) of this appendix.

(2) After drum has been rolled for I hour, the roller will be stopped, and two samples
(50 ml each -liquid only) will be taken from the MEA solution in the drum, through the ball
valve. These samples will be held in two 60-ml glass bottles. The drum will be placed in an
upright position during the hold p-riod. NOTE - The ball valve will be opened slowly in case
of gauge failure.

(3) These two samples will be sealed with PARAFILM, placed inside a 5-1/2 pint tin can
filled with vermiculite, and this can will also be sealed with PARAFILM.

(4) At 1000 hours, the samples will be transferred by Technical Escort Center personnel
to building E3330, room 299, for analysis of HS present.
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(5) The drum will b-, allowed to sit upright for 5 hours (between 0930 and 1430; and

then will be placed on the drum roller and rolled for 1 hour (1430 to 1530). The drum will

be plac'ed upright and remain stationary until the following workday morning.

(c ) When analytical results indicate that the amount of 11S present in the MEA Solution

is 5 ppm or less, the dail\ routine of tests will be stopped. The drum will be rolled tor 1 hoUr
to allow cOiliplete mixing prior to sampling. Three samples will be drawn according to the

procedures described below:

(I) ()oll I gallon of the MEA solution will be collected in a glass container. This sample
will be drawn as described in 4.b(2). The container will be scaled with PARAHILM, placed in
;I 5-gallon pail with vermiculite and the lid on the pail crimped shut and scaled. This sample
will he transferred via Technical Escort Center to Biomedical Laboratory, Environmcn:al
]o\icolog. Branch, building E3266 for analysis.

(2) Another I-gallon sample will be collected into a wide-mouthed jar. This sample
will be drawn as described in 4.(b)(2). This sample will include charcoal which will then be placed
into the ball iill located in Lab 11. The charcoal will be ground in the mill until a particle
si/e range of 2 to 5 microns is attained. (This size range will be determined by drawing off a
small sample of the milled material, and transferring the sample via Technical Escort (enter to
building E3330. room 299, for microscopic analysis. More than one sample may have -) be

taken and analyzed.)

(3) The drum will then be placed in the upright position, the bung will be removed, and a
core sample of the charcoal will be drawn off after setting, using the core sampler. This sample
will be placed in a suitable glass bottle, the bottle will be sealed, placed in a tin can with vcrmictilite.
which is also sealed, and transferred via Technical Escort Center to building E3330, room 299.

5. Hazards Involved in the Operation.

NOTE: In the event any personnel are accidently exposed, call Toxic Exposure Aid
Station (TEAS) on extension 2008 or 17. First-aid treatment will then be initiated and the
spill will be decontaminated as follows:

a. HS, I-IN-I, and HN-3 Mustard and Nitrogen Mustards.

A blister agent highly irritant to eyes, skin, and lungs, the material causes severe burns.

Material spilled in the area will be decontaminated immediately with HTH solution followed by
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(8) Telephone. intercom, and emergency siren lacilities are provided.

(Q) An ,inbuljnce can bhe s ,lmoned by calling extensioi 2008 or I 7. This ambulance will

trawqporl ,1.% casualty to Toxic lxposure Aid Station for treatrment after decontamination

opelation aire completed.

b. SatetV ProcCdurcs.

(I I All personnel involved in the test operations, the decontamination of equipment used.

and anyone required to enter the -V" room of Lab 11 where these operations are being conducted

will wear level A protective clothing as described in paragraph 6a(3 )above. Authorization for
entrance to this room will be granted only by the Chief, Pilot Plant Section or the engineer in charge
of the test. This authori/ation will be granted only to those personnel previously cleared by the
Ciliian lIiployces' IHealth Clinic for working in level A clothing.

2) Prior to entering into the operating room of Lab I1, the engineer in charge will

'a) Insure that each man is properly clothed in level A protective clothing. Masks will be
tcted with amyl acetate (banana oil ) to ensure proper fit, gloves, suits and boots will be tested for
leIks, and inspccl.ýd for tears, holes. etc.

(h) Have suitable level B protective clothing avilable to assist if emergency action is required.

(3) Before leaving the operating room of Lab II, the operators will shower with the
deel:tanination shower and will wash their gloves with 5%A IITII solution, water, LMA, and water.
in that sequence. This is to prevent accidental contamination of any other area.

(4) Anx, contaminated clothing, equipment, or floors will be thoroughly washed with
5'; ItTt solution, flushed with water, washed with MEA, and flushed with water. The clothing
which has been decontaminated in the above manner will be placed in a plastic bag which will be
tied shut and then placed inside a sealed drum for later disposal by Technical Ecort Center
personnel.

(5) Should a fire occur. it will immediately be extinguished using the CO-) fire extinguisher.

(6) Should the ventilation system fail, personnel in Lab 11 (non-toxic area) Nill don masks
immediately. If ventilation cannot be restored and the engineer in charge determines that a
hazardous condition exists, all personnel in the building will be alerted by siren, and the general
emergency procedures (appendix A) put into effect.

(7) Toxic Exposure Aid Station personnel will be notified by telephone extension 2008 prior
to commencing any operations with agent, and after these operations are completed.

(8) For first aid procedures, see appendix A.

(9) If pressure rises above 10 psi and/or the temperature rises above I 50°F, the drum roller
will be shut off and the drum will be placed upright. The valve will be opened slowly and the drum
will be allowed to vent to the area filters. This will be done in full level A clothing.
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DISPOSITION FORM
For use of this form.p see AR 140 15 the. propnorret sgenry to The Adfuttan? .n.erut. O~ftt..

REFERENCE OR OFFICE SYMBOL SUBJECT

SAREA-CL-TE IHazard Classific,,tiori of ME~terials

TO Mfg Tech Dir FRom Dir of Cfnl Lab DATE CMrlI

Attn: SAREA-MT-E/Mr. Rosenberg Mr.Owens/ab/2129

1. Reference is made to:1 A r

a. CSPCS Work Package-Item Nomenclature: Ultimate Disposal (ULT), Project,'Tas
Number 6S-05-01/728012.21, Work Breakdown Structure Title: MEA Detox Study-Navy sefs.
Work Package Control No. 6-5 dated 24 May 1976.

b. Expenditure Order Assignment/Program dated 10 June 19/6, Tech Project 72801221
PRON A16156501R01F4, Appropriation No. 2162020, Cost Center 332, Exp Order 6S-05-KT.
Program Amnount: $4,000.

2. Toxicity studies as devised in CFR Title 49 (1,174.343) were performned to deterr~inr
the hazard classification of the following materials:

a. H, L, PS decontaminated with MEA (Sample numlber DE5O).

b. H, L, PS Ball Milled (Sample number DE5l).

3. The results of the prescribed testing of the kit components showed none oF tr~e
materials meet the Class B poison criteria as defined by CFR Title 49. The materialls
proved to be less toxic than the standards cited in the regulation, by all routes of
admninistration. The hazard classification of CORROSIVE LIQUID would be more appr~o-
priate for each of the items.

FOR THE DIRECTOR:

,/ .P. McNAMARA, Ph.D.
Chief, Toxicology Division

DA FORM 24 6 REPLACES DO FORM 96. EXISTING SUPPLIES OF WH4ICH WILL SE4u
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AITPlNl)IX 1)

RIýSIDUAI MUS ARI) IN MONOIýTIIANOLAMINIIIIRI'.A1.1I) (IIAR(O(AL,

ian iil'aLtaring- Ieclnologv D~irectorate

I Djecember 1970

Purp~ose.

Fo fuirthle estahblishi the effticiency ofthe monoe.thanolainine M [A) system for dernl IIin e
\-'e ts wkith a Lenit On charcoal. another test was, made. I'lie objtectivv was to tIeterminc ne il amiount
Of r'Sidti iul agent left on charcoal after extensive MILA treatment.

Adid 11Lst ard to KAMCtLvte Charcoal, react the impre[gna~ted charcoal with N%1I A, anid thenl
samiipie the mix t irC to de~termi ne thle resid nal mnUstardl with respect to time. TI Ic reIUil ts WOn Id
mintl ate the prese nce of nmust artd in parts per milIlioni over a period of t ime.

Pro.Ccd tre.

It was necessary to prepare a fresh laboratory sam pie of' munstard (I111) and :hiaro al til
111C test because nit -X- sects were available at [dgewood Arsenal. 'Ihle sample conisistedl o
0.25 liters Of' 111) adided to 0.9 liters of activated charcoal (I 1 -30) mesh) in a glass ar. I lie sample
\ý as cappeti andt stirred to inlsuire that thle mustard had ti me to become adsorbed: it was' kepIt at
room temperature for more than 60 dlays. The mustard-impregnated charcoal was thlien addedI to a
22-liter ti-11 rmcon tai nimig 11I.5 liters of MELA. The drumn was stored at roomn temperature and rolleýd
Ihi mr per day . 5 days a week, for a 30-day period. The Hit) and VILA ratio was ddjLusted to tile

ratio plan ned for thle demilitari/ation of' X sets at J oh nstoii Island. Fifty liter sampltes of NMLA and
charcoal were t hen removed periodically and analyzed for the presence of' mustard. Sample aiialvsiN,

Uea1 ipon receipt of thle samples.

Three types of aiialyses were made:

I The M LA solutions were diluted with aqueous Na~l and ex tractetd With I part hexaneC
to 10 parts Oif' solution to concentrate t~ie mustard by a factor of' 10. The hexane was analyzed 1w,
gas chrorniaograph (GO) by comparison with standard soIlutions of' 11I) in hiexanie.

I. The charcoal samples were analyzed by taking! 30 to 35 gramis of- the MLFA-sa tu rated
charcoal and washing it with 30 m! of chlorof'ormi "WIC3 ). Thle "'1('13 was dtrained and analyzed
by GC. TIwo more "('113 washes were performed and analyzed in the same manner for mustard.
The mustard reported from each wash was added to yield the C['('13 extraction anialysis.

3. A portion of' the ('HCI 3-extract"I chiarcoal was ý!,en placed under vacuum, and anN
distillate wvas collected in a liquid nitrogen trap. The charcoal was tii,,'i heated to I 80'C, still

ED&PAGE A&-l4~
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A:lk'cting the distillate in the trap. 'The distillate, approximately I to 2 ml of (1103, was removed
trom the vaciuum line and analyzed by GC. The results of these analyses are tal ulated below. A
report of,,ero ppm indicates that the mustard concentration was less than the limits of detection.
For the MI-A solutions, the limit is 0. 1 ppm, while the limit for the ('HCI 3 solutions is I ppm.

Samples were anah ied on a Hewlett Packard Model 5830 recording gas chromatograph.
lhe stainless steel colinin, 0 foot by 1/8 inch, was packed with 10'. UCW982 on 80,100 mesh
(ihromosorh WIIP. The temperatures were: Column - I 60'C, injector- 250'C. and detector- 300'C.
Ileliuim was used as a carrier gas at a flow of 30 ml/min for the flame ionization detector.

RcSults.

hlie re•ults of he analysis are shown in the following table:

Table. HD Recovered from Charcoal

Time osample I) i MEA HD recovered from HD recovered
atesolution CC13 extraction from charcoal

test of charcoal by vacuum distillation

days ppim ppm ppm

5 0

8 0.3 - -

9 3 0

15 0

18 -- 0 0

19 0 - -

23 - 0 0

31 0 2 3

67 - 0 0

Discussion.

The results show that mustard was present in the charcoal 10 days after the start of the
test; but no mustard could be detected in the charcoal on the 18th and 23rd days. Then, on the
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31st da•, mustard was present in the charcoal. Oin the 67th day. the.c analysis was repeated,. but nI
mustard was recorded in the charcoal. Based on the above and earlicr tests, it can be concluded that
mnstard can be cffectively removed from charcoal whc.ln using MLA as the decontaminating solutinm.
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APPENI)IX I.

PROPOSIED FULL-S(ALI" PROCEDUREI

Manufacturing Technology Directorate
I l)ecember 1970

Using the pilo(t study as the Model for the "on-site'" demilitarization systeim, a
deminlitari'ation procedure using scaled-up ei uipmenit was developed. The figure shows a detailed
procedtUre for handling and detoxing the K958/"X" sets. The procedure utilizes a section of the

Idgewood Arsenal chemical neutralization system for disassembling, storing, and demilling agent
Ihe disassembly area is used for dumping the agent-impregnated charcoal from the set bottles into)

a standard 55-gallon drum. After the agent is added to monoethanolamine (MEA), the drum is
remno ed and hunged with a filter assembly and with a temperature-pressUre probe. The drum
c•.nt'aining agenil and the drum containing dunnage are then moved trrom the reactor site to be
rolled daily (28 dads maximum) to insure that the contents (basically charcoal) are thoroulgiil.
lliixed aind reoriented in the liq uid detoxification solution.

Ilhe components designed specifically for handling the X-sets are as follows:

I. The filter is for the 55-gallon drum containing the agent and ll-A. The filter is an
MI I1 and it acts on an agent scrubber if the vapor pressure within the drum exceeds the sensitivity
of tle diaphragm valve. The diaphragm valve will contain the ambient (650 to 1000F) vapor
pressure of MNI A within the drum thereby preventing premature saturation of the filter. The elobe
Salve, assembled to the stem, closes the stem to the filter when the drum is about to be placed
hori/ontally on the drum roller.

2. The feed funnel, fabricated from polyethylene, is a commercial item having a
2-inch-diameter spout. The funnel assists the operator while he pours agent-impregnated charcoal
into the 55-gallon drum.

3. Drum top seal, a 50-60 drumometer I-inch-diameter rubber disc, is placed on top ()
the 55-gallon drum during agent transfer. The seal provides an airtight interface between reactor
druim and glove box.

4. Temperature and pressure probe assembly is threaded to the large bung hole of the
agent and IMLA drum. The gauges read the condition of the MEA solution when the react,,r drum
is in a horizontal position on the drum roller.

H 5. Pliers are used for manually removing the wax/cheesecloth bottle seal and cap from

the bottles containing agent-contaminated charcoal.

A list of the equipment necessary for the demilitarization of the X and K955 sets at
F Field is as follows:

a. Level D clothing and gas mask

d47-_ .
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b. Filtered glove box and set storage area

c. Disassembly tools

d. l)ruini fork lift

C. Drum roller

f. 55-Gallon drum (5 each)

g. 140 Gallons of MEA

hi. Record sheet

i. Sampler dipper

j. Process tinier

k. Assorted wrenches

1. Drum pump with metering valve

m. Drum heater

n. Balance scale 0 to 500 gm (min)

o. Corrosive liquid and labels

It is required that MEA drum temperatures be maintained in the range of 650 to I 00'F
throughout the demilitarization process. Drum band heaters are utilized to prevent the MEA from
solidifying when ambient temperatures drop below the freezing temperature of MEA (570F).

If while rolling, the drum temperatures and/or pressures approach 125*F and 5 psig,
respectively. stop rolling, stand the drum upright, and slowly open the filter valve. Replace the
M I I filter after pressure and/or temperature have returned to ambient.

Weigh the M I I filter once every 2 days and replace it when its "as used" weight exceeds
its original weight by 25 grams.

Maintain records of what is added to each drum. Drums are to be coded for cross
reference with written records.

This procedure requires the proper field testing before it is implemented.
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